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RACK - MOUNTABLE EQUIPMENT WITH A The pull tab 202 is optional and can be used to unmate the 
HIGH - HEAT - DISSIPATION MODULE , AND transceiver 203 . The edge card 204 can mate with a con 

TRANSCEIVER RECEPTACLE WITH nector within the receptacle . The edge card 204 can transport 
INCREASED COOLING electrical signals to / from the transceiver 203 

5 The transceiver 203 can be optical , electrical , or hybrid of 
BACKGROUND OF THE INVENTION optical and electrical . If the transceiver 203 is optical , then 

the cable 201 includes optical fibers that transport , in which 
1 . Field of the Invention transport means receive and / or transmit , optical signals . The 
The present invention relates to rack - mountable equip - optical fibers can be single - mode or multimode fibers . The 

ment with a heat - dissipation module and data interconnects , 10 transceiver 201 can include an optical engine for transform 
and also relates to a receptacle that receives an optical ing optical signals to electrical signals and / or electrical 
transceiver and that has increased cooling . signals into optical signals . 

2 . Description of the Related Art If the transceiver 203 is electrical , then the cable 201 
Electronics racks are standard components for mounting includes electrically conductive wires that transport electri 

a wide variety of electronic components and equipment in 15 cal signals . The cable 201 can be , for example , coaxial cable , 
data , computing , and / or communication systems . Data cen - which is sometimes referred to as coax and which includes 
ters typically have large numbers of racks , each filled with a single conductor surrounded by a dielectric and a shield 
various pieces of electronic equipment , such as servers . A layer , and twinaxial cable , which is sometimes referred to as 
standard electrical rack has a 19 " width , which can support twinax and which includes two conductors surrounded by a 
assemblies that mount into the rack with a width of 17 . 25 " . 20 dielectric and shield layer . The cable 201 can also include 
Multiple assemblies can be mounted in each rack , one above other suitable transmission lines . The transceiver 201 can 
the other . These assemblies typically are supported by a include contain electronic circuitry that transport electrical 
front bezel formed from cut outs in a flat piece of sheet metal signals , including , for example , high - bandwidth electrical 
that has clearance holes or slots along its edges to secure the signals . 
bezel to the rack . 25 If the transceiver is a hybrid , then the cable 201 includes 

The rack - mountable electronic components often gener both optical and electrical cables . The transceiver 203 
ate heat that needs to be removed from the rack to avoid includes both an optical engine that transforms optical 
overheating of the various electronic components . Typically signals into electrical signals and / or electrical signals into 
cooling is provided by a fan that forces air across a heat sink optical signals and electronic circuitry that are appropriate 
that is in thermal contact with the temperature - sensitive , 30 for transmitting and / or receiving electrical signals from the 
heat - producing electronic components . electrical cable . 

The rapid increase in data storage and high - bandwidth There is an increasing need for smaller transceivers that 
communication driven by Internet expansion is increasing can be more tightly packed together and higher bandwidth 
the need for dense interconnection systems in data centers . transceivers . However , as channel density and bandwidth 
These data centers are typically composed of rows of racks 35 increased , the heat generated by the transceiver increases , 
of servers . These servers need to be in high - bandwidth which can cause excessive temperatures in the transceiver . 
communication with other servers in the data centers . The Excessive temperatures can lead to premature failure and 
high - bandwidth communication can be supported by either poor performance . Thus , there is a need for a transceiver 
shielded electrical cables or increasingly active optical receptacle that provides improved cooling for densely pack 
cables . Active optical cables support longer transmission 40 aged , high - bandwidth transceivers . 
distances and higher transmission bandwidths . An active FIGS . 22 - 24 show a known receptacle 205 that can be 
optical cable typically has an optical engine incorporated used with an electronics rack . The receptacle 205 can be 
into a transceiver on at least one end of the cable that mounted to a rack mount , which can then be mounted to an 
transforms electrical signals into optical signals ( transmis electronics rack . The receptacle 205 includes a cage 216 
sion ( Tx ) function ) and transforms optical signals into 45 with mounting pins 217 and receptacle connectors 220 
electrical signals ( receiver ( Rx ) function ) . An electronics within the cage connected to wafers 222 . Each wafer 222 is 
rack can have hundreds or even thousands of interconnec - a module that includes a molded insert and a lead frame . The 
tions , each of which generates heat that must be removed lead frame includes electrical contacts that each provide an 
from the electronics rack . The inability to remove this heat electrical path for transmitting electrical signals . The 
can result in accelerated aging and / or premature failure of 50 molded insert is molded around the lead frame so that the 
the interconnection or other components in the electronics electrical contacts are fixed with respect to each other within 
rack . There is a need to provide a rack mounting system that the wafer 222 . The wafers 222 can be inserted into the 
facilitates high - heat removal and dense packaging of the receptacle connector 220 such that the wafers 222 are 
interconnections . arranged side - by - side to each other so that the electrical 

FIG . 21 shows a known active optical cable 200 including 55 contacts of adjacent wafers 222 are fixed with respect to 
a cable 201 and a transceiver 203 . The transceiver 201 each other in the receptacle connector 220 . The cage 216 
shown in FIG . 21 is compatible with SFF - 8436 OSFP + includes electromagnetic shields 218 , faceplate 219 , and 
multi - source agreement revision 4 . 8 , Oct . 31 , 2013 , hereby slots 211 . Transceivers can be inserted into the slots 211 to 
incorporated by reference in its entirety . Other known types engage with the receptacle connectors 220 . The receptacle 
of transceivers include SFP , QSFP , microQSFP , etc . The 60 connectors 220 are connected to wafers 222 that block or 
transceiver 203 can mate and unmate with receptacles in a impede air flow . 
rack ( the receptacles and the rack are not shown in FIG . 21 ) . During operation , the electronic components of the trans 
The receptacles can be mounted to a printed circuit board ceivers generate heat , which is mostly dissipated through the 
( PCB ) . Mating the transceiver 203 to the receptacle creates upper and lower walls , with a small amount being dissipated 
mechanical and electrical connections . Electrical signals can 65 through the side walls . The heat dissipated into the passage 
be transported between the receptacle and the PCB . The 207 cannot be adequately removed because the wafers 222 
transceiver 203 includes a pull tab 202 and an edge card 204 . block the flow of air in a direction from faceplate 219 to 
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receptacle connector 220 . As shown in FIG . 23 , it is known heat sink preferably defines air flow paths . The heat sink is 
to use holes in the sides of the cage 216 . The location and preferably mounted to the heat dissipation module such that 
size of the holes restrict the amount of air that is available a position of the heat sink is fixed when the transceiver is 
to move through the cage 216 for cooling , particularly when mated with the one of the receptacle connectors . Channels in 
a transceiver is inserted into the cage 216 . But these side 5 the heatsink are preferably no larger than one quarter of a 
holes do not effectively remove the heat within the passage wavelength of a dominant emitted electromagnetic interfer 
207 ( FIG . 22 ) and thus do not effectively remove heat from ence generated , when the transceiver is mated with the 
the transceivers . For interior transceivers in arrays 3x2 and transceiver , by electrical signals transmitted and / or received 
bigger , the holes in the sides are not effective or adequate by the transceiver . 
because the heat has to flow from an interior passage to an 10 A blower is preferably mounted adjacent to the heat sink 
exterior passage with the sides holes . If the heat in the such that the blower directs forced air over the heat sink . Air 
passage 207 cannot be adequately removed , the transceivers preferably flows in one or more air - flow paths between the 
can undergo accelerated aging and / or prematurely fail . Thus , two receptacle connectors . 
there is need for a receptacle with improved heat manage Only the cage is preferably configured to be press - fit or 
ment . 15 surface mounted to a substrate . 

An electrical connector according to a preferred embodi 
SUMMARY OF THE INVENTION ment of the present invention includes a housing , high - speed 

and low - speed electrical contacts in the housing , high - speed 
To overcome the problems described above , preferred cables electrically connected to the high - speed electrical 

embodiments of the present invention provide an air - cooled 20 contacts , and low - speed cables and a power filter electrically 
heat sink that is located in the front bezel of a rack . Robust attached to the low - speed electrical contacts . 
physical contact is provided between the heat sink and the Preferably , high - speed is at least 25 Gbits / sec data trans 
heat generating components of the interconnection system , mission speed , and low - speed is less than 25 Gbits / sec data 
including , for example , the transceiver of an active optical transmission speed . 
cable . The robust physical contact and large heat dissipating 25 An electrical connector system according to a preferred 
surface of the heat sink provide a low impedance thermal embodiment of the present invention includes a cage with a 
path between the transceiver and the ambient environment . first end and a second end opposed to the first end , and two 
In addition to providing heat dissipation , the heat sink can electrical connectors located at the second end . The first and 
also serve as an electromagnetic radiation shield , reducing second ends define a transceiver - mating direction such that 
radiated stray electromagnetic radiation outside of the rack 30 when a transceiver is inserted into the first end of the cage 
enclosure . in the transceiver - mating direction the transceiver mates 

To overcome the problems described above , preferred with one of the two electrical connectors , and in the cage , air 
embodiments of the present invention provide a receptacle flows parallel to the transceiver - mating direction between 
with a cage that can be mounted to a PCB and with a the first and second ends and flows between the two elec 
receptacle connector in the cage . Electrical connections 35 trical connectors . 
between the PCB and the receptacle are made by flyover Preferably , the cage includes press - fit tails , and the two 
cables . A transceiver can be mated and unmated to the electrical connectors do not include press - fit tails , through 
receptacle . hole tails , or surface - mount tails . Preferably , the two elec 

An electrical connector according to a preferred embodi trical connectors are receptacle connectors each including a 
ment of the present invention includes a heat dissipation 40 signal conditioner electrically connected to cables . Prefer 
module with a first end and a second end opposed to the first ably , only the cage is configured to be press - fit or surface 
end and two receptacle connectors located at the second end . mounted to a substrate . 
The first and second ends define a transceiver - mating direc - An electrical connector system according to a preferred 
tion such that , when a transceiver is inserted into the first end embodiment of the present invention includes a cage with a 
of the heat dissipation module in the transceiver - mating 45 first end and a second end opposed to the first end , and two 
direction , the transceiver mates with one of the two recep - electrical connectors located at the second end . The first and 
tacle connectors , and in the heat dissipation module , air second ends define a transceiver - mating direction such that , 
flows parallel to the transceiver - mating direction between when a transceiver is inserted into the first end of the cage 
the first and second ends and flows between the two recep in the transceiver - mating direction , the transceiver mates 
tacle connectors . 50 with one of the two electrical connectors , and the two 

The two receptacle connectors are preferably vertically electrical connectors are spaced apart from each other such 
stacked in relation to a base substrate . The two receptacle that , in the cage , air flows parallel to the transceiver - mating 
connectors preferably each receive a card - edge of a mating direction between the first and second ends and flows 
transceiver . Preferably , the heat dissipation module includes between the two electrical connectors . 
a cage , and the cage further defines two slots that extend 55 The electrical connector system further preferably 
between the first and second ends , and the air flows between includes a heat sink located between the two electrical 
the slots . The two receptacle connectors are preferably connectors . Preferably , air flows in one or more air - flow 
electrically isolated from one another . paths between the two electrical connectors . 

Preferably , the two receptacle connectors each include a Arack mount according to a preferred embodiment of the 
housing , high - speed and low - speed electrical contacts in the 60 present invention includes an electrical connector or an 
housing , high - speed cables electrically connected to the electrical connector system according to the various pre 
high - speed electrical contacts , and low - speed cables and a ferred embodiments of the present invention . An electronics 
power filter electrically attached to the low - speed electrical enclosure according to a preferred embodiment of the pres 
contacts . ent invention includes one or more rack mounts of according 

The electrical connector further preferably includes a heat 65 to various preferred embodiments of the present invention . 
sink located between the two receptacle connectors . The preferred embodiment of the present invention includes 
heat sink preferably is an extrusion or bent sheet metal . The a QSFP electrical connector and cage according to SFF 
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8438 , in which the QSFP electrical connector is an edge - card module with a first end and a second end opposed to the first 
connector that is devoid of press - fit or mounting tails . A end , two receptacle connectors located at the second end , 
preferred embodiment of the present invention includes a and a passageway that extends from the first end to the 
stacked QSFP electrical connector and a cage , in which the second end and that is positioned adjacent to one of the two 
stacked QSFP type of electrical connector includes an edge - 5 receptacle connectors . The first and second ends define a 
card connector that is devoid of press - fit or mounting tails . transceiver - mating direction such that , when a transceiver is An electrical connector system according to a preferred inserted into the first end of the heat dissipation module in 
embodiment of the present invention includes a substrate , a the transceiver - mating direction , the transceiver mates with first cage with a first end and a second end opposed to the one of the two receptacle connectors , and in the heat first end and mounted to a first side of the substrate , a first 10 
electrical connector located at the second end of the first dissipation module , heat in the passageway travels through 

the passageway parallel to the transceiver - mating direction cage , a second cage with a first end and a second end and escapes through the first and second ends . opposed to the first end and mounted to a second side of the The above and other features , elements , characteristics , substrate opposite the first side , and a second electrical 
connector located at the second end of the second cage . The 15 steps , and advantages of the present invention will become 
first and second ends of the first and second cages define a more apparent from the following detailed description of 
transceiver - mating direction such that , when a transceiver is preferred embodiments of the present invention with refer 
inserted into the first end of the first or second cage in the ence to the attached drawings . 
transceiver - mating direction , the transceiver mates with the 
first or second electrical connectors , and air flows parallel to 20 BRIEF DESCRIPTION OF THE DRAWINGS 
the transceiver - mating direction between the first and second 
ends of both the first and second cages . FIG . 1 is a perspective view of a portion of rack mount 

An electrical connector system according to a preferred according to a preferred embodiment of the present inven 
embodiment of the present invention includes a cage with a tion . 
first end and a second end opposed to the first end and with 25 FIG . 2A is a front view of the rack mount shown in FIG . 
a slot extending between the first and second ends , an 1 . 
electrical connector located at the second end , and a heat FIG . 2B is a perspective view of the rack mount shown in 
sink or a heat spreader rigidly attached to the cage . The first FIG . 1 . 
and second ends define a transceiver - mating direction such FIG . 3 is a perspective view of a portion of a heat 
that , when a transceiver is inserted into the slot at the first 30 dissipation module shown in FIG . 1 . 
end of the cage in the transceiver - mating direction , the FIG . 4 is a schematic cross - section of a portion of a rack 
transceiver mates with the electrical connector , and when a mount in a belly - to - belly configuration according to a pre 
transceiver is inserted into the slot , the transceiver is pushed ferred embodiment of the present invention . 
against a side of the slot in the cage adjacent the heat sink FIGS . 5A , 5B , and 5C are schematic cross - sections of a 
or the heat spreader . 35 portion of a rack mount in a stacked configuration according 

Preferably , a spring pushes the transceiver against the side to a preferred embodiment of the present invention . 
of the slot . FIG . 6 shows a schematic cross - section of a portion of a 

An electrical connector system according to a preferred rack mount in a belly - to - belly configuration with electrical 
embodiment of the present invention includes a cage with a connectors according to a preferred embodiment of the 
first end and a second end opposed to the first end and with 40 present invention . 
a slot that extends between the first and second ends , and an FIG . 7 is a perspective view of heat - dissipation module 
electrical connector located at the second end . The first and made of sheet metal according to a preferred embodiment of 
second ends define a transceiver - mating direction such that the present invention . 
when a transceiver is inserted into the slot at the first end of FIG . 8 is a perspective view of a receptacle according to 
the cage in the transceiver - mating direction , the transceiver 45 a preferred embodiment of the present invention . 
mates with the electrical connector , and the electrical con - FIG . 9 is a perspective view of a transceiver and a 
nector mechanically floats in a direction orthogonal or receptacle connector according to a preferred embodiment 
substantially orthogonal to the transceiver - mating direction of the present invention . 
and does not mechanically float in a direction parallel or FIG . 10 is a rear perspective view of a receptacle con 
substantially parallel to the transceiver - mating direction . 50 nector being plugged into the cage . 

The electrical connector is preferably removed using a FIG . 11 is a front perspective view of the receptacle 
tool inserted into the first end of the slot . connector . 

An electrical connector system according to a preferred FIG . 12 is a top exploded view of a receptacle connector . 
embodiment of the present invention includes a substrate , a FIG . 13 is a rear perspective view of the receptacle 
cage connected to the substrate , including a first end and a 55 connector . 
second end opposed to the first end , and including a slot that FIG . 14 is a rear perspective view of an alternative 
extends between the first and second ends , and an electrical receptacle connector . 
connector located at the second end . The first and second FIG . 15 is a front perspective view of a cage according to 
ends define a transceiver - mating direction such that , when a a preferred embodiment of the present invention . 
transceiver is inserted into the slot at the first end of the cage 60 FIG . 16 is a perspective view of a tool according to a 
in the transceiver - mating direction , the transceiver mates preferred embodiment of the present invention . 
with the electrical connector , and the distance between the FIG . 17 is a perspective view of a receptacle with a blower 
electrical connector and substrate is allowed to float and a according to a preferred embodiment of the present inven 
flexible electrical connection connects the electrical connec t ion . 
tor and the substrate . 65 FIG . 18 is a perspective view of the blower shown in FIG . 

An electrical connector according to a preferred embodi - 17 . 
ment of the present invention includes a heat dissipation FIG . 19 is perspective sectional view of the receptacle . 
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FIG . 20 is a side sectional view of the receptacle shown described in more detail below . Connected in the slots 11 of 
in FIG . 19 . the heat - dissipation module 10 can be one or more trans 

FIG . 21 shows a prior art active cable . ceivers 30 . In FIG . 1 , four transceivers 30 are connected to 
FIG . 22 is perspective sectional view of a known recep each module ; however , the module can be configured to 

tacle . 5 accept more or less than four transceivers 30 . Each trans 
FIG . 23 is rear perspective view of the known receptacle ceiver 30 is connected to a cable 31 that provides commu 

shown in FIG . 22 . nication between the PCB 50 and some other element in a 
FIG . 24 is a side sectional view of the known receptacle data network . As previously mentioned , the transceiver 30 is 

shown in FIG . 22 . preferably an optical transceiver , and the cable 31 is pref 
FIG . 25 is a perspective sectional view of a receptacle 10 erably an optical cable that contains one or more optical 

with a heatsink . fibers . In FIG . 1 , four heat - dissipation modules 10 are 
FIG . 25 is a perspective sectional view of a receptacle connected to the top the PCB 50 , and four heat - dissipation 

with heat - transferring fins . modules 10 are connected to the bottom of the PCB 50 . Each 
FIGS . 26 - 29 are perspective views of a receptacle with a heat - dissipation module 10 is capable of accepting four 

double - walled cage . 15 transceivers 30 so a total of 32 transceivers can be connected 
to the PCB 50 as shown in FIG . 1 . The transceivers 30 

DETAILED DESCRIPTION OF PREFERRED mounted above the PCB 50 can make electrical connections 
EMBODIMENTS to the top of the PCB 50 , and the transceivers 30 mounted 

below the PCB 50 can make electrical connections to the 
A preferred embodiment of the present invention provides 20 bottom of the PCB 50 . This transceiver configuration is 

a low - impedance thermal path between a transceiver and the referred to as “ belly - to - belly ” and allows for short electrical 
ambient environment . Heat transfer to the ambient environ paths between the transceiver 30 and the PCB 50 facilitating 
ment is provided by forced convective air flow across a heat transmission of high - bandwidth signals , such as , 10 Gbps , 
sink . The heat sink is incorporated into the front bezel of a 28 Gbps , 56 Gbps , or even higher bandwidths . 
heat - dissipation module that can be mounted to an electron - 25 FIG . 2A shows an end view of a portion of a rack mount 
ics rack . The heat sink can provide cooling for a plurality of 60 . In FIG . 2A , the transceivers 30 have been removed for 
transceivers . This contrasts with many prior art transceivers clarity . FIG . 2A shows eight heat - dissipation modules 10 . 
in which the heat sink is incorporated directly into the Each heat - dissipation module 10 has slots 11 for four 
transceiver . The preferred embodiments of the present transceivers 30 . Each slot 11 is surrounded by an electrical 
invention advantageously provide superior cooling for a 30 conductor , such as a metal , forming a cage 16 that provides 
large number of transceivers that are densely connected in an electromagnetic shielding between transceivers 30 situated 
electronics rack . in adjacent slots 11 . The PCB 50 is not clearly visible in FIG . 

FIG . 1 shows a portion of rack mount 60 . The rack mount 2A , but would be situated between the upper and lower rows 
60 includes a heat - dissipation module 10 , a printed circuit of heat - dissipation modules 10 as shown in FIG . 1 . Con 
board ( PCB ) 50 , a heat sink 12 , a transceiver 30 , and a cable 35 nectors , which would be mounted to the PCB 50 to accept 
31 . The transceiver 30 is preferably an optical transceiver , each transceiver 30 , are also not shown in FIG . 2A . Each 
and the cable 31 is preferably an optical cable . The trans - heat - dissipation module 10 has a heat sink 12 including a 
ceiver 30 can use one of many industry standard transceiver web of material with air passages running completely 
formats such as QSFP + , PCIe , CXP , CFP , SFP , etc . In through the heat sink 12 along a front to back transceiver 
particular , the transceiver 30 can meet the requirement of 40 insertion direction . In FIG . 2A , the transceiver insertion 
SFF - 8438 ( INF - 8438i , Rev . 1 . 0 , hereby incorporated by direction extends into the drawing page . The heat sink 12 
reference in its entirety ) . The preferred embodiments of the associated with each heat - dissipation module 10 provides 
present invention are not limited to these standard trans - cooling for all four transceivers 30 that can be mounted in 
ceiver formats , and any transceiver can be used including the slots 11 . The transceivers 30 themselves do not need any 
proprietary transceivers or developing transceiver formats , 45 type of finned structure to dissipate heat into the surrounding 
such as OSFP and mini - OSFP . The OSFP format , Octal atmosphere because they are cooled by conduction to the 
Small Form - Factor Package , supports 8 fully duplexed heat sink 12 of the heat - dissipation module 10 and perhaps 
communication channels . That is , the format has 8 indepen forced air blowing through the heat sinks 12 along the 
dent transmission channels and 8 independent receiver chan transceiver insertion direction . Electromagnetic shielding 
nels . Incorporated into any of these transceiver formats can 50 ( not visible in FIG . 2A ) can be provided between the 
be a silicon photonic element that provides modulation heat - dissipation modules 10 to reduce stray electromagnetic 
and / or receive functions ; however , this is not a requirement . radiation . 
In FIG . 1 , the transceivers 30 are shown adjacent to their FIG . 2B shows a perspective view of a rack mount 60 with 
respective mating slot 11 in the heat - dissipation module 10 . a heat - dissipation module 10 . Four heat - dissipation modules 
In operation , the transceivers 30 can be plugged into their 55 10 are situated above an edge of PCB 50 and four heat 
respective slots 11 . The rack mount 60 does not need to dissipation modules 10 are situated below an edge of the 
include spring - biased heat sinks . The heat sinks 12 can be PCB 50 . The heat - dissipation modules 10 are fully popu 
formed directly by the heat - dissipation module 10 and not lated with transceivers 30 . A cable 31 is connected to each 
separate finned structures positioned behind a front bezel or transceiver 30 , and each transceiver 30 can have a pull ring 
a panel of a system or a rack . 60 32 for easy removal from the heat - dissipation module 10 . 

For clarity , the PCB 50 shown in FIG . 1 is not populated Flanges 15 can be located on the sides of the heat - dissipation 
with any electronic components ; however , in practice the module 10 to secure the rack mount 60 to the sides of an 
PCB 50 can have various electronic components that support electronics rack . Representative dimensions for a rack 
high - speed computing and communication . The PCB 50 can mount 60 are shown in FIG . 2B . Rack mount 60 can be 
be connected to a plurality of heat - dissipation modules 10 . 65 compatible with mounting in a 19 - inch rack . The height rack 
Each module 10 includes a heat sink 12 , a cage 16 , and a slot mount 60 can be approximately 1 . 375 inches , and the 
11 for a transceiver 30 . The heat - dissipation module 10 is opposing sides of the mounted transceivers 30 can be 
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separated by approximately 0 . 582 inches . These dimensions as a compact design so that the belly - to - belly transceiver 
are compatible with the heat - dissipation module 10 occu - configuration shown in FIG . 2A can be mounted in a 1 U ( 1 
pying 1 U of rack height ( 1 U = 1 rack unit = 1 . 75 " high ) . U = 1 rack unit = 1 . 75 " high ) rack opening . Thermal modeling 
These values are exemplary only , and the dimensions can be indicates that a height h of approximately 18 mm should 
adjusted as required to best suit the intended application . In 5 provide adequate thermal dissipation and fit within a 10 
practice , many of these rack mounts 60 can be stacked one rack opening . Smaller or larger heights h can be used , for 
above the other in an electronics rack . example , if the system is designed to fit into a 2U rack FIG . 3 shows a single heat - dissipation module 10 . The opening or to accommodate different connector or trans heat - dissipation module 10 includes slots 11 for four trans ceiver sizes in different configurations . ceivers 30 and a heat sink 12 . The slots 11 can include 10 FIG . 4 shows a rack mount 60 with a belly - to - belly latching features , not shown in FIG . 3 , that help to secure a configuration . Upper and lower connectors 20a , 20b are plugged transceiver 30 in position . The slots 11 can also 
include flexible members , not shown in FIG . 3 , that lightly mounted to the top and bottom of PCB 50 , respectively . The 
slide against the sides of the transceiver 30 to provide upper connector 20a provides electrical paths between the 
electromagnetic shielding . The heat sink 12 includes a web 15 . upper transceiver 30a and PCB 50 . Similarly , the lower 
of material providing a large surface area for convective heat connector 20b provides electrical paths between the lower 
transfer of air flowing through the heat sink 12 . In FIG . 3 . transceiver 30b and the PCB 50 . These electrical paths can 
the air is depicted as flowing out the heat sink 12 in direction use one or more central conductors surrounded as much as 
A ; however , the air direction can be reversed , i . e . the possible by an electrically grounded shield to maximize 
front - to - back transceiver insertion direction instead of back - 20 transmission and minimize distortion of high bandwidth 
to - front as shown . A fan ( not shown in FIG . 3 ) can be signals transmitted along the electrical connectors . Both the 
mounted on the front , back , or sides of the heat - dissipation upper and lower transceivers 30a , 30b are pluggable and can 
module 10 , although this is not a requirement . A fan can be mate and unmate with their respective electrical connector 
mounted somewhere else in the electronics rack ( not shown 20a , 206 . Upper and lower cables 31a , 31b are attached to 
in FIG . 3 ) that supports the heat - dissipation module 10 . 25 the upper and lower transceivers 30a , 30b , respectively . 
Instead of a fan , a duct can bring forced air to the electronics These cables 31a , 31b transmit and / or receive data . 
rack . The fan or duct can then draw or force air through the Also shown in FIG . 4 are two springs 14a , 14b . The 
heat sink 12 along direction A or along the transceiver springs 14a , 14h ensure robust physical contact between the 
insertion direction ( 180 degrees opposite of direction A ) . heat sink 12a , 12b and the transceivers 30a , 30b , which are 
The heat sink 12 webbing can be designed so that it is thicker 30 the major heat generating components . The springs 14a , 14b 
in the region of the heat sink 12 adjacent to the slot 11 to force the upper and lower transceivers 30a , 30b against their 
provide enhanced thermal conductance to regions of the heat respective heat sinks 12a , 12b . This ensures a low - imped 
sink 12 farther away from the slot 11 . A hexagonal web ance thermal path between the transceivers 30a , 30b and the 
pattern is shown in FIG . 3 ; however , the web pattern can heat sinks 12a , 12b , minimizing the operational temperature 
take many forms such as squares , rectangles , diamonds , 35 of the transceivers 30a , 306 . It is generally desirable to 
triangles , serpentine , etc . The web pattern also need not be operate the transceivers 30a , 30b at temperatures as close to 
a regular pattern , but could have a random structure . The room temperature as possible . Operating temperatures equal 
heat sink 12 provides a large surface area for convective heat or less than 30° C . above an ambient data center environ 
transfer and a low - impedance conductive path between the ment are generally acceptable . Thermal modeling has indi 
transceiver 30 and the convective surface area . 40 cated that the design shown in FIG . 4 provides heat dissi 

The heat - dissipation module 10 can be fabricated from a pation well in excess of this requirement . The modeling 
metal extrusion or from sheet metal . The heat - dissipation indicates that the transceiver operating temperature can be 
module 10 can be made of aluminum , copper , steel , or some approximately 6° C . above ambient for a 5 watt heat load 
composite of these materials ; however , any material that has from each transceiver 30a , 30b . Providing better cooling and 
high electrical and thermal conductivity can be used . A 45 a lower transceiver operating temperature advantageously 
coating or surface treatment can be applied to the material increases the operating lifetime of any laser diodes in the 
forming the heat - dissipation module 10 . Electrical conduc - upper and lower transceivers 30a , 30b . While the springs 
tivity is important because the heat sink 12 can help provide 14a , 14b are shown as leaf springs in FIG . 4 , the springs 14a , 
electromagnetic shielding to reduce electromagnetic inter - 14b can take many forms , or the force between the trans 
ference ( EMI ) between the many transceivers 30 that can 50 ceivers 30a , 30b and heat sinks 12a , 12b can be provided by 
populate an electrical rack and to reduce stray EMI outside some other mechanism that ensures robust physical contact 
of the rack to acceptable levels . To provide adequate EMI between the transceivers 30a , 30b and the heat sink 12a , 
shielding , gaps between the webbing of the heat sink 12 12b . 
should be less than a quarter of the shortest wavelength of An advantage of the belly - to - belly configuration shown in 
interest in the radiated electromagnetic energy spectrum . For 55 FIG . 4 is that both the upper and lower transceiver 30a , 30b 
a system operating at 28 Gbps the EMI is predominately are located adjacent to the PCB 50 such that the electrical 
emitted up to a frequency of 14 GHz , so that a gap between paths between the transceivers 30a , 30b and PCB 50 is short . 
the web elements can be approximately 5 mm or less . For This allows transmission of high - bandwidth signals with 
units with higher frequencies of interest , the gaps can be minimal loss and interference . However , other suitable con 
proportionally smaller to achieve a similar level of shield - 60 figurations can be used . Although upper and lower connec 
ing . The depth d of the heat sink 12 should be adequate to tors 20a , 20b are shown as PCB mounted board connectors , 
completely cover the electrical connection into the PCB 50 connectors 20 , 20b can also be cable connectors that include 
to provide effective EMI shielding and provide for adequate cable connectors as shown in FIG . 8 . 
heat transfer . Thermal modeling indicates that the depth d is FIGS . 5A - 5C show alternative stacked configurations . In 
preferably between 20 mm and 60 mm , although shorter and 65 these stacked configurations , the lower transceiver 30b is 
longer depths can be used . The height h of the heat sink 12 adjacent to the PCB 50 , and the upper transceiver 30a is 
can also be chosen to provide adequate heat transfer as well positioned above the lower transceiver 30b farther from the 
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PCB 50 . The upper and lower transceivers 30a , 306 are this fixed , rigid mounting can result in an unfavorable 
connected to upper and lower cables 31a , 316 , respectively . tolerance stack up . In some cases it can be difficult to force 
As shown in FIGS . 5A and 5B , the lower connector 20b the transceivers 30a , 30b to be flush with the heat sinks 12a , 

can be identical or similar to the lower connector 20b in FIG . 12b while they are simultaneously mating with the connec 
4 in which the lower connector 20b is directly connected to 5 tors 20a , 206 . The preferred embodiment shown in FIG . 6 
the PCB 50 . In FIG . 5A , above the lower transceiver 30b is solves this problem . In FIG . 6 , the upper and lower connec 
a lower heat sink 12b , which serves to dissipate heat tors 20a , 20b are mounted on the upper and lower heat sinks 
generated in the lower transceiver 30b . A lower spring 14b 12a , 12b , respectively . The upper and lower connectors 20a , 
forces the lower transceiver 30b against the lower heat sink 20b can be mounted to surfaces 19a , 19b of heat sinks 12a , 
12b , ensuring a low impedance thermal path between them . 10 12b so that the upper and lower connectors 20a , 20h can 
An upper spring 14a , which can be identical or different than move in directions parallel to surfaces 19a , 19b of the heat 
the lower spring 14b , is positioned between the lower heat sinks 12a , 12b . Similarly the connectors 20a , 20b can be 
sink 12b and the upper transceiver 30a . The upper spring mounted within the length of the heat dissipation module 10 
14a can also be positioned so it is fully contained into the in such a way , with guides or grooves for examples but not 
heat - dissipation module 10 . The upper spring 14a forces the 15 so limited , that the connectors 20a , 20b are free to move in 
upper transceiver 30a against the upper heat sink 12a , a direction parallel or substantially parallel to surface 19a , 
ensuring a low impedance thermal path between them . The 19b of the heat sinks 12a , 12b . The connectors 20a , 20b in 
upper heat sink 12a serves to dissipate heat generated in the FIG . 6 are , however , constrained in a direction parallel or 
upper transceiver 30a . An upper connector 20a mates with substantially parallel to the insertion direction of the trans 
the upper transceiver 30a . Flyover cables 22 provide an 20 ceivers 30a , 30b , which is perpendicular or substantially 
electrical path between the upper connector 20a and the perpendicular to surfaces 19a , 19b . This mounting configu 
PCB 50 . The cables 22 can be any suitable shielded elec - ration allows the connectors 20a , 20b to float in directions 
trical connections , including one or more coaxial , or twin perpendicular or substantially perpendicular to the trans 
axial cables . The cables 22 can be rigid , semi - ridge , or ceiver mating direction , but be rigidly constrained in the 
flexible . Flexible twin axial , i . e . twinax , cable is preferably 25 mating direction . Because the connectors 20a , 20b can float 
used because it readily allows propagation of differential in a vertical direction , the springs 14a , 14b can force the 
high - speed electrical signals and can be easily routed to any transceivers 30a , 30b against their respective heat sinks 12a , 
location on the PCB 50 with minimal loss and distortion . 12b with little concern for possible lack of contact between 
The cables 22 can fly over the PCB 50 as described in the transceivers 30a , 30b and heat sinks 12a , 12b because of 
commonly assigned U . S . provisional patent application 30 tolerance stack up . Because the upper and lower connector 
62 / 131 , 989 , which is hereby incorporated by reference in its positions relative to the PCB 50 in this preferred embodi 
entirety . An advantage of the stacked configuration is that all ment are no longer fixed , cables 22a , 22b similar to those 
the high - speed electrical connections can be made on a described in relation to FIG . 5C can be used to provide the 
single side of the PCB 50 . Also , the component height on the electrical paths between the connectors 20a , 20b and PCB 
PCB 50 can be approximately twice as high compared to that 35 50 . It is also possible that the connectors 20a , 20b can 
available in the belly - to - belly configuration . Another advan include some electrical paths that are directly connected to 
tage of this preferred embodiment is that both the upper and the PCB 50 as shown in FIG . 4 and some electrical paths that 
lower heat sinks 12b can be formed monolithically in a are connected to the PCB 50 by cables 22a , 22b as shown 
single extrusion step . in FIG . 6 . 

In FIGS . 53 and 5C , the heat - dissipation module 10 40 Further configurations are possible . Both the belly - to 
includes a single heat sink 12 . A lower spring 14b forces the belly configuration shown in FIGS . 1 , 2 , 4 , and 6 and the 
lower transceiver 30b against the heat sink 12 , ensuring a stacked configuration shown in FIGS . 5A - 5C have the major 
low impedance thermal path between them , and an upper surfaces , i . e . , surfaces with the largest surface areas , of the 
spring 14a , which can be identical or different than the lower transceivers 30 , 30a , 30b parallel or substantially parallel to 
spring 14b , forces the upper transceiver 30a against the heat 45 the plane of the PCB 50 . This is not a requirement . The 
sink 12 , ensuring a low impedance thermal path between major surfaces of the transceivers 30 , 30a , 30b can be 
them . In FIG . 5B , the lower connector 20b is connected oriented perpendicular or substantially perpendicular within 
directly to the PCB 50 , and the upper connector 20a is manufacturing tolerances to the PCB plane . In this case , a 
connected to the PCB 50 by cables 22 . In FIG . 5C , the lower flyover style electrical connection can be made to the PCB 
connector 20b is connected to the PCB 50 by cables 22b , and 50 50 as described in commonly assigned U . S . patent applica 
the upper connector 20a is connected to the PCB 50 by tion No . 62 / 136 , 059 , 62 / 107 , 671 , and Ser . No . 14 / 845 , 990 , 
cables 22a . It is also possible that the lower connector 20b which are each hereby incorporated by reference in their 
includes some electrical paths that are directly connected to entirety . In these perpendicular configurations , heat sinks 
the PCB 50 as shown in FIG . 5B and some electrical paths can be provided adjacent at least one of the major surfaces 
that are connected to the PCB 50 by cables 22b as shown in 55 of the transceivers . In the stacked configuration , the position 
FIG . 5C . of the upper transceiver 30a and the upper heat sink 12a can 

FIG . 6 shows a portion of a rack mount 60 with a be reversed , so that the lower and upper heat sinks 12b , 12a 
belly - to - belly configuration with connectors 20a , 20b a re adjacent to each other . Depending on the PCB compo 
attached to heat sinks 12a , 12b . This preferred embodiment nent layout , these various configurations can be mixed and 
is similar to that shown FIG . 4 , and so , only the differences 60 matched in any system to achieve an optimal layout to 
between the figures will be described . A difference between maximize signal integrity , thermal performance , density or 
the preferred embodiment shown in FIG . 4 and the preferred other metrics , or any combinations thereof , for all channels 
embodiment shown in FIG . 6 is the mounting of the con - in the communication network . 
nectors 20a , 20b . In FIG . 4 , the connectors 20a , 20b are As previously mentioned , a heat - dissipation module 10 
connected directly to the PCB 50 . As mentioned above , this 65 can be formed from sheet metal . FIG . 7 shows a sheet metal 
has the advantage of providing a short , rigid electrical path heat - dissipation module 10 . The overall layout is similar to 
between the connectors 20a , 20b and the PCB 50 . However , that shown for an extruded heat - dissipation module 10 
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shown in FIG . 3 . The heat - dissipation module 10 has a between receptacle connectors 120 . The passageway 107 
number of slots 11 to accept transceivers 30 . Surrounding can extend from the first end to the second end and can be 
each slot 11 is a cage 16 to minimize EMI between the positioned adjacent to one of the two receptacle connectors . 
transceivers 30 and any circuitry . A heat spreader 13 is Air can also flow over the cables 122 , between the receptacle 
adjacent the top of the cage 16 . The heat spreader 13 can be 5 connectors 120 , through the passageway 107 , and through 
formed from a solid piece of metal and serves to distribute the faceplate 119 . In non - forced air systems , heat can escape 
heat generated by transceivers 30 ( not shown in FIG . 7 ) to from the passageway 107 through the first and second ends 
the heat sink 12 . The heat sink 12 can be formed from a web or through the faceplate 119 openings and a second - end 
of bent - and - cut sheet metal . In FIG . 7 , the web is shown as opening positioned between the receptacle connectors 120 . 
having square openings to allow air passage through the heat 10 Stated another way , heat in the passageway can travel 
sink 12 . As previously described , air passages of other through the passageway 107 parallel to the transceiver 
shapes can be used . The heat - dissipation module 10 has a mating direction and escape through the first and second 
plurality of mounting pins 17 which connect to a PCB ( not ends . The passageway 107 can be positioned adjacent and 
shown in FIG . 7 ) . The sheet - metal heat - dissipation module parallel to one of the slots 111 , positioned between and 
10 can be arranged in any of the above - described preferred 15 parallel to two adjacent slots 111 , or be positioned adjacent 
embodiments . An advantage of the sheet metal formed and parallel to at least one receptacle connector 120 . The 
heat - dissipation module 10 is that it can be cheaper and cage 116 can include a plurality of electromagnetic inter 
easier to manufacture than an extruded heat - dissipation ference ( EMI ) shields 118 around its perimeter to limit 
module 10 . radiated EM fields . The height of the cage 116 assembly can 

Instead of optical transceivers , electrical transceivers can 20 be compatible with mounting cage 116 and attached PCB 
be used . Also independent transmitters and / or receivers can within a 1 U rack opening . The receptacle 100 can be 
be used instead of a transceiver . The placement of various mounted in an electronics rack . The receptacle 100 includes 
components in the system can also be varied . For example , cables 122 that extend from the rear of the cage 116 . The 
FIG . 4 shows the non - mating ends of the upper and lower cables 122 can transmit both high and low speed signals 
transceivers 30a , 30b substantially flush with the end of the 25 between the receptacle 100 and a PCB . 
PCB 50 . This is not a requirement . The transceivers can The transceiver 130 includes a cable 131 that transmit 
extend past the end of the PCB 50 or be recessed such that signals to and from the transceiver 130 . The transceiver 130 
the end of the PCB 50 extends past the transceiver ends . The can include a pull tab 132 that can be used to remove the 
component placement has often been described in terms of transceiver 130 from the receptacle 130 . The cables 131 
an upper and lower component . It should be appreciated that 30 flyover the PCB . The benefits of using of flyover cables for 
these terms are relative to the PCB mounting orientation and high - speed signals is described in commonly assigned U . S . 
can be exchanged or substituted by left / right depending on patent application No . 62 / 136 , 059 , 62 / 107 , 671 , and Ser . No . 
the orientation . 14 / 845 , 990 . 

Preferred embodiments of the present invention also FIG . 9 shows a transceiver 130 and receptacle connector 
include a receptacle that can receive one or more transceiv - 35 120 . The receptacle connector 120 is located within the cage 
ers and that includes a cage and electrical connectors in the 116 shown in FIG . 8 . The transceiver 130 is mated to the 
cage . The electrical connectors can include both high - and receptacle 100 by inserting the transceiver 130 into the 
low - speed cables that flyover a PCB to different locations on receptacle 100 such that the edge card 134 is inserted into 
the PCB . Using low - speed cables provides additional space the receptacle connector 120 . The cables 122 extend from 
between the slots in a multi - slot cage , which allows 40 the rear of the receptacle connector 120 . The cables 122 can 
increased airflow between the transceivers , improving cool - be terminated to contacts in the receptacle connector 120 
ing and heat management of the transceivers . The electrical and to the PCB , creating an electrical path between the 
connectors can be plugged into the rear of the cage . The receptacle connector 120 and the PCB . The transceiver 130 
electrical connectors can include latches that engage with can use one of many industry standard transceiver formats 
latch slots in the cage . A blower can be used to improve 45 such as QSFP + , PCIe , CXP , CFP , SFP , etc . In particular , the 
cooling . Heat sinks ( with or without forced air ) can be transceiver 30 can meet the requirements of SFF - 8438 
provided in the extra space to improve cooling . A fluid ( INF - 8438i , Rev . 1 . 0 ) . 
cooled heat sink , such as a heat pipe , can be provided in the FIG . 10 shows a receptacle connector 120 being plugged 
extra space to further improve cooling . into the rear of the cage 116 . FIGS . 11 - 13 show the recep 

An electrical - connector removal tool can be inserted into 50 tacle connector 120 . The receptacle includes a clip 128 , a 
the front of the cage assembly to remove an electrical lead frame 124 , and a housing 125 . The housing 120 can be 
connector from the cage . made of any suitable electrically insulating material , such as 

FIG . 8 shows a receptacle 100 according to a preferred molded plastic . The lead frame 124 is inserted into the 
embodiment to the present invention . The receptacle 100 housing 120 and is kept in place with the clip 128 . The lead 
includes a cage 116 with four slots 111 arranged in two rows . 55 frame 124 includes an overmold over the cables 122 and the 
Each slot 111 can accept one transceiver 130 . FIG . 8 shows contacts 123a , 123b . The upper contacts 123a mate with 
three slots 111 mated with three transceivers 130 and one electrical lands on the top of the edge card 134 of the 
slot 111 that is empty . The bottom of the cage 116 includes transceiver 130 , and the lower contacts 123b mate with 
mounting pins 116 that allow the receptacle 100 to be electrical lands on the bottom of the edge card 134 of the 
mounted to a PCB ( not shown in FIG . 8 ) . The receptacle 100 60 transceiver 130 . Any number of contacts 123a , 123b can be 
can include an optional a faceplate 119 between the upper used . It is also possible to only use the upper contacts 123a 
and lower slots 111 . The faceplate 119 can include a plurality or the lower contacts 123b . 
of openings or louvers that allow air flow through the The clip 128 includes latches 121 . When the receptacle 
faceplate 119 , through passageway 107 ( FIG . 19 ) , between connector 120 is inserted into the cage 116 , the latches 121 
receptacle connectors 120 ( FIG . 19 ) , and over cables 122 . 65 engage with latch slots 103 in the cage 116 . Although FIG . 
Stated another way , the openings or louvers are fluidly 11 shows two latches 121 on top and two latches 121 on 
connected to an opening defined by the passageway 107 bottom , any number and any location of latches 121 can be 
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used . The clip 128 can also include openings 129 that engage opposed ends of the passage 107 such that air passes fluidly 
with bosses 126 on the housing 125 when the clip 128 is through the faceplate 119 , through the passage 107 , and 
connected to the housing 125 . The clip 128 can be made of between the receptacle connectors 120 . The cables 122 can 
stamped and formed sheet metal . The clip 121 can include be arranged to not block or impede air flow . In addition to 
one or more openings for the cables 122 . 5 not blocking air flow , the cables 122 provide better signal 

As shown in FIG . 13 , the cables 122 can include high - integrity than that the wafers 222 used in the known recep 
speed cables 122a and low - speed cables 122b . Any number tacle 205 . Thus , an air - flow path from the front to the back 
of high - speed 122a and low - speed cables 122b can be used . ( or from the back to the front as described above ) of the 
The high speed cables 122a can transmit , for example , receptacle 100 can be provided 
high - bandwidth signals in excess of 10 Gbps and can 10 Instead of having an open passage 107 as shown in FIGS . 
include , for example , twinax , coax , triax , or some other 15 , 19 , and 20 , the passage 107 could include heat - trans 
suitable electrical transmission line . In some applications , ferring fins similar to the fins 171 shown in FIG . 26 that 
high speed is at least 25 Gbits / sec data transmission speed , extend from the wall adjacent to the transceiver 130 into the 
and low speed is less than 25 Gbits / sec data transmission interior of the passage 107 or could include a heat sink such 
speed . Low - speed cables 122b can transmit , for example , 15 as heat sink 162 shown in FIG . 25 . The hexagonal pattern of 
control signals and power and can include , for example , an such can provide multiple air paths from the front to the back 
insulated wire without a ground shield . One end of the of the receptacle 100 . The webbing could have a constant 
cables 122a , 122b can be terminated to a corresponding thickness or could have a variable thickness . For example , 
contact 123a , 123b , the other end of the cables can be the webbing could be thicker at the top and bottom and 
terminated to the PCB . If the cables 122a are twinax , then 20 thinner near the middle . 
the two center conductors of the twinax can be terminated to The cage 116 can include a light pipe 105 in the passage 
adjacent signal contacts and the shield can be connected to 107 . As shown in FIG . 15 , each passage 107 can include two 
a ground contact ( s ) . light pipes 105 . The light pipes 105 can transmit light from 

FIG . 14 shows an alternative receptacle connector 120 an LED on a PCB to the front of the receptacle 100 . The 
that includes a PCB assembly ( PCBA ) 127 . PCBA 127 can 25 cross - sectional area of the light pipes 105 is preferably less 
include electrical components that provide signal and / or than 15 % of the total cross - sectional area of the passage 107 . 
power conditioning and / or filtering . PCBA 127 can improve For example , a passage 107 can have a cross - sectional area 
the performance and simplify the design of the transceiver of 450 mm² , and the light pipes 105 can have a cross 
130 because the power and control signals will have less sectional area of 25 mm - . If there are two light pipes 105 per 
electrical noise . 30 passage 107 , then the total cross - section of the two light 
FIGS . 15 , 19 , and 20 show the cage 116 . The cage 116 can pipes is 50 mm ” , which is about 11 % of the total cross 

include mounting pins 117 that can be used to mount the sectional area of the passage 107 . 
cage 116 to a PCB ( a PCB is not shown in FIG . 15 ) . The T he cage 116 of FIG . 15 can be used with the stacked 
mounting pins 117 can be " eye - of - the - needle ” type suitable configurations shown in FIGS . 5B and 5C . If the receptacle 
for press - fit mounting . The receptacle connectors 120 do not 35 connectors 120 include cables 122 , then the cage 116 can be 
need to have any mounting pins , including , for example , used in the stacked configuration shown in FIG . 5C . If the 
press - fit pins , through - hole pins , surface - mount pins , etc . , to bottom receptacle connector 120 provides direct electrical 
mount the receptacle connector 120 to the PCB . The cage paths to the PCB , then the cage 116 can be used in the 
116 includes walls 106 that define slots 111 . Although four stacked configuration shown in FIG . 5B . Other configura 
slots 111 in a 2x2 array are shown in FIG . 15 , the cage 116 40 tions are also possible . For example , if the bottom receptacle 
can include any number of slots 111 in any arrangement . For connectors 120 includes cables 122 and direct electrical 
example , the cage 116 can have two slots arranged in 1x2 paths to the PCB , then the cage 116 can used in a stacked 
array ( horizontally spaced along a substrate ) or in a 2x1 configuration that is a combination of FIGS . 53 and 5C . 
array ( vertically stacked with respect to a substrate ) . The FIG . 25 shows receptacle 100 with a cage 166 . Cage 166 
walls 106 can include latches 104 that engage the transceiver 45 is similar to cage 116 but includes a heat sink 162 in the 
130 when the transceiver 130 is mated with the receptacle passage 107 and is double walled . The heat sink 162 extends 
100 . Similar to springs 14a , 14b in FIGS . 4 - 6 , each slot 111 along the passage 107 . The front opening of the passage 107 
could include one or more springs to press the transceiver can be covered by faceplate 119 , and the rear opening of the 
130 toward the passage 107 to ensure robust physical passage can be covered by faceplate 169 . It is not necessary 
contact between the transceiver 130 and the passage 107 . 50 to use faceplates 119 , 169 separate from the heat sink 162 . 
The cage 116 can be made in any suitable manner , including It possible that the faceplates 119 , 169 are part of the heat 
being made of stamped and formed metal . sink 162 . The heat sink 162 can be similar to the heat sink 
As shown in FIG . 19 , the cage 116 also includes a passage 12 shown in FIG . 3 with , for example , hexagonal webbing . 

107 that provides an air - flow path . The passage 107 allows Other webbing patterns are also possible . The heat sink 162 
air to flow between the front of the receptacle 100 ( where the 55 defines air flow paths between the front and rear of the 
transceivers 130 can be plugged in ) and the rear of the passage 107 . 
receptacle 100 ( where the receptacle connectors 120 are The cage 166 includes four slots 111 arranged in a 2x2 
plugged in ) . When transceivers 130 are plugged into the top array . Other numbers and arrangements of slots 111 can also 
and bottom slots 111 in the receptacle , air can flow between be used . The two columns of slots 111 are separated by an 
the top and bottom transceivers 130 and from front to back 60 interior double wall defining a passage between the columns 
( or back to front ) of the receptacle , cooling the heat - of slots 111 . The opening of the passage between the interior 
producing transceivers 130 . The front of the passage 107 can double walls is covered by faceplate 168 with holes . The 
include a faceplate 119 ( faceplate 119 is not shown in FIG . faceplate plate 168 can be separate from faceplate 119 or can 
15 but is shown in FIGS . 19 and 20 ) , and the rear of the be connected to faceplate 119 as a single unitary body . The 
passage 107 can be uncovered . By not using wafers , the 65 size and shape of the holes in faceplate 168 can be the same 
receptacle connectors 120 can be arranged to not block or to or can be different from the holes in faceplate 119 . Holes 167 
minimize impeding the air flow completely through both are arranged in the top of the cage 166 along the passage 
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between the interior double walls . The size and shape of holes in the outer wall of the cage 116 . Each of the three 
holes 167 can be the same as or can be different from the size fingers of the guide 141 can direct air into one of the 
and shape of the holes in the faceplate 168 . passages 107 connected to the top , middle , and bottom 
As shown in FIG . 25 , the exterior walls of the cage 166 faceplates 119a , 119b , 119c . In this manner , blower 140 can 

can be a double wall . Only one exterior double wall is shown 5 blow ambient air through the passages 107 and over the 
in FIG . 25 because FIG . 25 is a sectional view . As with the transceivers 130 . The blower 140 can also blow air in the 
interior double wall , the exterior double walls can be cov opposite direction , from within the receptacle 100 to the 
ered by a faceplate 168 with holes and can include holes 167 outside ambient air . The blower 140 can also be used , along the top of the cage 166 . Holes in faceplate 168 can be possibly with ducting , if there is a heat sink in the passage fluidly connected to a cavity between adjacent slots 111 . The 10 107 . Any suitable blower can be used . The blower 140 could cavity can extend from the faceplate 168 , through the cage be a 30 - mm diameter fan with rotating blades , a piezoelec 166 , and to the optional rear faceplate 169 . Alternatively , or tric actuated fan , a corona ( ion ) fan , etc . Instead of being in addition , holes in faceplate 168 can be fluidly connected 
to holes 167 . The exterior double walls can include holes mounted to the exterior of the cage 116 , the blower 140 
167 ( not shown in FIG . 35 but shown in FIG . 27 ) adjacent 15 cou 15 could be mounted within one or more of the passages 107 . 
to passages 107 to provide air flow through the exterior In addition to blower 140 , FIG . 17 also shows other 
double walls and at the bottom of the exterior double wall to possible arrangements of the receptacle 100 . For example , 
provide air flow at the bottom of the of exterior double wall . the slots 111 can be arranged in a 2x4 array so that the 
The interior double walls can include similarly arranged receptacle can receive eight total transceivers 130 . Instead of 
holes . Although not shown in FIG . 25 , it is possible to add 20 a single faceplate 119 , the receptacle 100 can include a top 
top and bottom exterior double walls to cage 166 so that faceplate 119a , a middle faceplate 119b , and a bottom 
each slot 111 has passages on four sides . faceplate 119c . Each faceplate 119a , 119b , and 119c covers 

FIG . 26 shows receptacle 100 with cage 116 . Cage 116 in a separate passage that allows air to flow from front to back 
FIG . 26 includes fins 171 extending into the passage 107 . ( or back to front ) of the receptacle 100 . This arrangement is 
Fins 171 can help in transferring heat from transceivers in 25 similar to the stacked arrangement shown in FIG . 5A but 
the slots 111 to the passage 107 . Any number , size , and shape with an additional heat sink located between the PCB 50 and 
of fins 171 can be used . The faceplate 119 in FIG . 26 the lower transceiver 30b and lower connector 20b . In such includes a hole through which the light pipe 105 extends . an arrangement , the lower connector 20b would include The end of the light pipe 105 can be flush or substantially cables 22b to provide electrical paths from the lower con flush with the front of the receptacle 100 . 30 nector 20b and the PCB 50 . FIGS . 27 - 29 show receptacle 100 with cage 166 . Cage If the cages 116 shown in FIGS . 8 and 17 are the same 166 in FIGS . 27 - 29 is similar to cage 166 shown in FIG . 25 
but without the heat sink 162 . In FIG . 27 , the cage 166 height , then the slots 111 in FIG . 17 are closer together than 
includes faceplates 119 , 168 , and in FIG . 28 , the cage 166 is the slots 111 in FIG . 8 . 
without faceplates 119 , 168 . FIG . 28 shows light pipes 105 35 The cage can include a liquid - filled heat pipe that facili 
in the interior and exterior double walls . Although FIG . 28 tates heat transfer away from transceiver mated with the 
shows four light pipes 105 ( two in one exterior double wall cage . The heat pipe can be used to spread the heat from 
and two in the interior double wall ) , any number and any localized heat sources , such as the optical engine of the 
arrangement of light pipes 105 can be used . The cage 166 transceiver 130 . For example , the heat spreader 13 shown in 
includes two exterior double walls and one interior double 40 FIG . 7 can include a heat pipe to facilitate heat transfer 
wall . Cage 166 can include double walls that extend across between a transceiver in the slot 11 and the heat sink 12 . The 
the top and bottom of the cage 166 . A different arrangement heat pipe allows the thickness of the heat spreader to be 
of double walls could be used with a different array of slots reduced , reducing weight and increasing the available area 
111 . For example , a 2x3 array of slots 112 could include two for the heat sink . 
interior double walls and two exterior double walls . As 45 FIG . 16 shows a receptacle - connector removal tool 190 . 
shown in FIG . 28 , the double walls , both interior and To remove a receptacle connector 120 , the receptacle 
exterior , can include holes 167 adjacent to passage 107 . The connector removal tool 190 is inserted into a slot 111 from 
double walls can also include holes 167 near the bottom of the front side of the cage 116 as shown , for example , in FIG . 
the double walls . The top of the cage 166 can also include 26 . Upper beveled surface 191a and lower beveled surface 
holes 167 over the passages defined by the double walls . 50 1911 e 1916 elastically deform the clip 128 so that latches 121 Although not shown in FIG . 28 , the passage 107 could also disengage from the latch slots 103 . Continuing to push 
include fins similar to fins 171 in FIG . 26 . receptacle - connector removal tool 190 into slot 111 will FIG . 29 shows two rear faceplates 169 . Any number and push the receptacle connector 120 out of the back the cage any arrangement of faceplates 169 can be used depending on 116 . The ability to rework or replace a receptacle connector the arrangement of the slots 111 . The size and shape of the 55 120 with a simple tool provides flexibility and ease in system holes can be the same as or can be different from the size and 
shape of the holes in the faceplates 119 , 168 . maintenance and debugging . No desoldering of any connec 

Air can be forced through passage 107 to increase the tion is required to remove receptacle connector 120 , and thus 
cooling of the transceivers 130 . If the receptacle 100 is there is little chance of inadvertent damage during the 
included on a rack mount in an electronics rack , then a fan 60 removal operation . 
mounted on the rack mount or in the electronics rack can It should be understood that the foregoing description is 
force air through the passage 107 . It is also possible , that as only illustrative of the present invention . Various alterna 
shown in FIG . 17 , the receptacle 100 includes a blower 140 tives and modifications can be devised by those skilled in the 
attached to the cage 116 . FIG . 18 shows the blower 140 . The art without departing from the present invention . Accord 
blower 140 includes a guide 141 to direct the blown air . As 65 ingly , the present invention is intended to embrace all such 
shown in FIG . 18 , the blower 140 can receive air in direction alternatives , modifications , and variances that fall within the 
C and blow the air out in direction D through guide 141 into scope of the appended claims . 
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What is claimed is : 15 . The electrical connector of claim 13 , wherein low 
1 . An electrical connector comprising : speed is less than 25 Gbits / sec data transmission speed . 
a heat dissipation module with a first end and a second end 16 . The electrical connector of claim 13 , further compris 
opposed to the first end ; and ing a power filter electrically attached to the low - speed 

two receptacle connectors that are located at the second 5 electrical contacts . 
end and that are vertically stacked in relation to a base 17 . The electrical connector of claim 13 , further compris 
substrate ; wherein ing a receptacle connector located within the housing and 

the first and second ends define a transceiver - mating having an at least 25 Gbits / sec data transmission speed . 
direction such that , when a transceiver is inserted into 18 . A rack mount including an electrical connector of 
the first end of the heat dissipation module in the " claim 1 . 
transceiver - mating direction , the transceiver mates with 19 . An electronics enclosure comprising one or more rack 
one of the two receptacle connectors ; mounts of claim 18 . 

the heat dissipation module includes a passage that 20 . A system comprising : 
extends between the first and second ends and that is a a base substrate ; and 
located between the two receptacle connectors ; and the electrical connector of claim 1 attached to the base 

in the passage , air flows unblocked parallel to the trans substrate . 
ceiver - mating direction between the first and second 21 . The electrical connector of claim 1 , wherein : 
ends and flows unblocked between the two receptacle the two receptacle connectors include upper and lower 
connectors . 20 receptacle connectors ; 

2 . The electrical connector of claim 1 , wherein the two an upper flyover cable includes a first end connected to the 
receptacle connectors each receive a card - edge of a mating upper receptacle connector ; 
transceiver . a lower flyover cable includes a first end connected to the 

3 . The electrical connector of claim 1 , wherein the heat lower receptacle connector ; and 
dissipation module includes a cage , and the cage defines two 25 the first end of the upper flyover cable is located farther 
slots that extend between the first and second ends , and the away from the base substrate than the first end of the 
air flows between the two slots . lower flyover cable . 

4 . The electrical connector of claim 3 , wherein only the 22 The electrical connector of claim 1 wherein the two 
cage is configured to be press - fit or surface mounted to the receptacle connectors mechanically float in a direction 
base substrate . orthogonal or substantially orthogonal to the transceiver 5 . The electrical connector of claim 1 , wherein the two mating direction and do not mechanically float in a direction receptacle connectors are electrically isolated from one parallel or substantially parallel to the transceiver - mating another . direction . 6 . The electrical connector of claim 1 , wherein the pas 
sage includes a heat sink located between the two receptacle 35 23 . The electrical connector of claim 1 , wherein distances 
connectors . between the two receptacle connectors and the base sub 

7 . The electrical connector of claim 6 , wherein the heat strate are allowed to float . 
sink includes an extruded metal or bent sheet metal . 24 . The electrical connector of claim 1 , wherein one of the 

8 . The electrical connector of claim 6 , wherein the heat two receptacle connectors is devoid of press - fit or mounting 
sink defines air flow paths . 

9 . The electrical connector of claim 6 , wherein the heat 25 . An electrical connector system comprising : 
sink is mounted to the cage such that a position of the heat a cage with a first end and a second end opposed to the 
sink is fixed when the transceiver is mated with the one of first end ; and 
the two receptacle connectors . two electrical connectors that are located at the second 

10 . The electrical connector of claim 6 , wherein channels 45 end and that are vertically stacked in relation to a base 
in the heat sink are no larger than one quarter of a wave substrate ; wherein 
length of a dominant emitted electromagnetic interference the first and second ends define a transceiver - mating 
generated , when the transceiver is mated with the electrical direction such that when a transceiver is inserted into 
connector , by electrical signals transmitted and / or received the first end of the cage in the transceiver - mating 
by the transceiver . direction the transceiver mates with one of the two 

11 . The electrical connector of claim 6 , wherein a blower electrical connectors ; 
is mounted adjacent to the heat sink such that the blower the cage includes a passage that extends between the first 
directs forced air over the heat sink . and second ends and that is located between the two 

12 . The electrical connector of claim 1 , wherein air flows electrical connectors ; and 
in one or more air - flow paths in the passage between the two 55 in the passage , air flows unblocked parallel to the trans 
receptacle connectors . ceiver - mating direction between the first and second 

13 . The electrical connector of claim 1 , wherein the two ends and flows unblocked between the two electrical 
receptacle connectors each comprise : connectors . 

a housing ; 26 . The electrical connector system of claim 25 , wherein 
high - speed and low - speed electrical contacts in the hous - 60 the cage includes press - fit tails . 

ing ; 27 . The electrical connector system of claim 26 , further 
high - speed cables electrically connected to the high - speed comprising cables connected to the two electrical connec 

electrical contacts ; and tors . 
low - speed cables directly attached and electrically con 28 . The electrical connector system of claim 25 , wherein 

nected to the low - speed electrical contacts . 65 the two electrical connectors are receptacle connectors each 
14 . The electrical connector of claim 13 , wherein high - comprising a signal conditioner electrically connected to 

speed is at least 25 Gbits / sec data transmission speed . cables . 

40 tails . 

50 
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29 . The electrical connector system of claim 25 , wherein second ends of the passage and do not mechanically float in 
only the cage is configured to be press - fit or surface mounted a direction parallel or substantially parallel to the trans 
to the base substrate . ceiver - mating direction . 

30 . A system comprising : 38 . The stacked electrical connector and cage of claim 35 , 
a base substrate ; and 5 wherein distances between the top and bottom edge - card 

connectors and the base substrate are allowed to float . the electrical connector system of claim 25 attached to the 39 . An electrical connector comprising : base substrate . a heat dissipation module with a first end and a second end 31 . The electrical connector system of claim 25 , wherein : opposed to the first end ; 
the two electrical connectors include upper and lower two receptacle connectors that are located at the second 

electrical connectors ; end and that are vertically stacked in relation to a base 
an upper flyover cable includes a first end connected to the substrate ; and 
upper electrical connector ; a passageway that extends from the first end to the second 

a lower flyover cable includes a first end connected to the end and that is located between the two receptacle 
lower electrical connector ; and connectors ; wherein 

the first end of the upper flyover cable is located farther the first and second ends define a transceiver - mating 
direction such that , when a transceiver is inserted into away from the base substrate than the first end of the 

lower flyover cable . the first end of the heat dissipation module in the 

32 . The electrical connector system of claim 25 , wherein transceiver - mating direction , the transceiver mates with 
the two electrical connectors mechanically float in a direc - 20 one of the two receptacle connectors ; and 
tion orthogonal or substantially orthogonal to the trans in the heat dissipation module , heat in the passageway 
ceiver - mating direction and do not mechanically float in a travels unblocked through the passageway parallel to 

direction parallel or substantially parallel to the transceiver the transceiver - mating direction and escapes unblocked 
mating direction . through the first and second ends . 

33 . The electrical connector system of claim 25 , wherein 25 40 . A system comprising : 
distances between the two electrical connectors and the base a base substrate ; and 
substrate are allowed to float . the electrical connector of claim 39 attached to the base 

34 . The electrical connector system of claim 25 , wherein substrate . 

one of the two electrical connectors is devoid of press - fit or 41 . The electrical connector of claim 39 , wherein : 
mounting tails . the two receptacle connectors include upper and lower 

35 . A stacked electrical connector and cage compatible receptacle connectors ; 
with QSFP standards , the stacked electrical connector com an upper flyover cable includes a first end connected to the 
prising top and bottom edge - card connectors and a passage upper receptacle connector ; 
that extends between the top and bottom edge - card connec a lower flyover cable includes a first end connected to the 
tors ; wherein lower receptacle connector ; and 

the top and bottom edge - card connectors are devoid of the first end of the upper flyover cable is located farther 
press - fit or mounting tails and away from the base substrate than the first end of the 

air flows unblocked in the passage between the top and lower flyover cable . 
42 . The electrical connector of claim 39 , wherein the two bottom edge - card connectors . 

36 . The stacked electrical connector and cage of claim 35 , 40 receptacle connectors mechanically float in a direction 
further comprising : 40 orthogonal or substantially orthogonal to the transceiver 

an upper flyover cable that includes a first end connected mating direction and do not mechanically float in a direction 
parallel or substantially parallel to the transceiver - mating to the top edge - card connector ; and 

a lower flyover cable that includes a first end connected to direction . 
the bottom edge - card connector ; wherein 43 . The electrical connector of claim 39 , wherein dis 

the first end of the upper flyover cable is located above the tances between the two receptacle connectors and a base 
first end of the lower flyover cable . substrate are allowed to float . 

37 . The stacked electrical connector and cage of claim 35 , 44 . The electrical connector of claim 39 , wherein one of 
wherein the top and bottom edge - card connectors mechani the two receptacle connectors is devoid of press - fit or 
cally float in a direction orthogonal or substantially orthogo mounting tails . 
nal to a transceiver - mating direction defined by first and i s * 
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